1. Flavonoid synthesis was able to proceed in darkness in young shoots and seedlings ofthe tea plant, but was increased by light. 2. The initial effect ofdarkness was to inhibit synthesis of the A ring or its linkage to the phenylpropane moiety of the flavonoid, but later the hydroxylation state of the flavanols was affected, leading to smaller proportions of gallocatechins and of complex leucoanthocyanins. 3. The esterification of catechins with gallic acid was less affected, so that the ratio of catechin gallates to simple catechins also increased. 4. The flavylogen content of darkened stems, especially in seedlings, was much less decreased than that of leaves; however, a short subsequent light-treatment caused an increase in polymerization.
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The polyphenol distribution within the tea plant has been described (Forrest & Bendall, 1969a,b) , and initial experiments on the effect of environmental and nutritional modifications on the course of polyphenol synthesis have been carried out with tissue cultures derived from intact plants as a relatively simple system (Forrest, 1969) . The present study was concerned with extending the work with the system in vitro to intact plants by means ofsimple physiological experiments. Perhaps the most profound effects on the polyphenol content of cultured tissue were obtained by altering the light-darkness regime, and it is this environmental parameter that has been made the basis of these studies on parts of intact plants and on seedlings.
MATERIALS AND METHODS
Plant material. Tea seeds and plants derived from cuttings or seed were obtained from Malawi as described by Forrest & Bendall (1969a) , and were grown in a greenhouse in Cambridge Botanic Gardens. Seeds were planted in peat in 6in. pots, two or three per pot; dark-grown seedlings were obtained by keeping the pots in a large wooden light-proof box, so that the plants germinated and grew in darkness apart from a few seconds each day when it was necessary to remove the lid of the box for watering and thus to expose the seedlings to dim light. Light-grown seedlings were grown in normal daylight.
Apical shoots and leaves of mature plants were kept in complete darkness by covering them with at least two thicknesses of black light-proof cloth secured by string. In some cases the cloth was held in position by clamps to * Present address: The Nature Conservancy, Moor House Field Station, Garrigill, Alston, Cumberland. 25 prevent its weight from bearing on delicate structures such as apical buds. In all cases light-grown control shoots were analysed from the same plant.
Analytical method8. Tissue extraction and techniques of polyphenol separation by t.l.c. and determination were as described by Forrest & Bendall (1969a) . Flavylogens were fractionated into different molecular sizes by gel-filtration on Sephadex columns (Forrest & Bendall, 1969b) ; the column used in the present work was 12-7 cm. in length, and had a capacity of2-82ml./cm.; it was packed with Sephadex G-25 (fine grade), and the flow rate was about 58ml./hr.
RESULTS
Shoots of mature plants kept in the dark Short-term experiment. A preliminary experiment was performed by keeping the apices of several shoots of a bush from the clone Chisunga 5/E4 in the dark for 15 days, after which they were immediately taken for analysis, together with untreated shoots as light-grown controls. Two dark-grown first leaves, which had separated from the apical bud before the dark-treatment, were extracted, and their polyphenol composition was compared with that of two normal first leaves (Fig. 1) apex caused an alteration in the normal distribution of the catechins, for the gallates increased down the shoot. The three typical stem catechins, not being gallocatechins, suffered much less decrease than the gallocatechins in the stem, as well as in the leaves; epicatechin in particular was much less decreased in the stem than in leaves. The inhibition of growth caused by darkness actually brought about increases in concentration of epicatechin gallate above the normal values in the light, especially in the most apical region.
Flavylogens were decreased less than the catechins in the most apical parts of the shoot (Table 2) , but in the lower leaves and stem the decreases were more comparable. Chromatograms showed a differential decrease in certain monomers, for in the dark-grown stem compounds LA-ll, -42, -45, -46 and -47 (Forrest & Bendall, 1969b) , which were present in the youngest parts of the control stem grown in the light, were either absent or present only in traces. Conversely, and -50 were present in equal amounts in the darkgrown stem and in the control, and compounds LA-13, -41 and -44 were present in greater amount. Thus there was a relative increase in the simplest monomers inthe dark (see Forrest & Bendall, 1969b) , elaboration on the flavandiol structure being inhibited. In the leaves, darkness caused a decrease in the concentrations of compounds LA-43 and -44, and there appeared to be a small amount of oligomeric material present.
Gallic acid and the depsides were decreased maximally in the youngest leaves (Table 2) , and in the young stem the etiolation caused by darkness produced relatively small losses in weight but much greater decreases in concentration. The gallate G-36 was not detectable throughout the dark-grown shoot.
Overall, total phenols were more decreased in leaves than in stem; the classes of polyphenols to suffer the least decrease were the simplest catechins and the flavylogens.
(b) Mature stem and leaf kept in the dark. To investigate the effects of darkness on the polyphenols of a mature leaf and its internodes, the third leaf and the two adjacent internodes of a shoot of a bush of the clone R/52 were kept in the dark, the rest of the shoot, including the apex, being left exposed to the light. Then 9 weeks later the shoot had grown so that the darkened leaf was the eighth from the apex; brown bark had developed on the stem up to the level of the darkened leaf, and in addition internode 7, immediately above the leaf, was partly brown and partly yellow; upwards from internode 6 the stem was green. The seventh and ninth leaves, wholly dark-green and large, and the Vol. 113 775;
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Leaves and internodes are numbered from the apex downwards. TEA POLYPHENOLS IN LIGHT AND DARKNESS depressed. There was no significant change in the flavylogen or total catechin concentration either of leaf or of stem, although these of course showed a decrease in total weight in the leaf. However, the relative proportions of the different catechins in the leaf were significantly altered (Table 3) . By weight, the gallocatechins were decreased the most, by about 65%, and epicatechin gallate the least, about 30%. In fact there was again an increase in the proportion of catechin gallates, so that epigallocatechin gallate was the predominant component in the dark-grown leaf instead of epigallocatechin. The relative concentrations of epicatechin and its gallate show that there was even an increase in the proportion of gallates to simple catechins when the leaf was kept in the dark; clearly, esterification is one of the least light-dependent stages in the elaboration of the catechin molecule. The stem catechins showed no decrease either in weight or in concentration. An estimation of the two major flavones ofthe leaves showed that keeping the leaves in the dark significantly increased their concentration, although the total weight present was decreased.
(c) Extreme etiolation. In some cases keeping the apex of a shoot in the dark led to very marked dwarfing of the leaves and to a great decrease in stem elongation. In a specimen of clone Chisunga 5/E4 the total phenols were decreased further than in the shoot referred to in section (a) above, to about 15-20% of the control value, but owing to the dwarfing the concentrations in both stem and leaf were higher. There was little net phenol synthesis beyond the first leaf and internode. Leucoanthocyanins also showed a great decrease in weight, but nevertheless increased steadily down the shoot; as in normal plants, they were characteristic of stems rather than of leaves.
The apex of a darkened shoot of the clone R/21 after 12 weeks had swollen considerably, owing to failure of the youngest leaves to separate from it. Here again the phenol concentrations were high, owing to inhibition of growth, and total amounts were small, but the leizcoanthocyanins were decreased in weight to a smaller extent than were the catechins, for although little flavylogen synthesis occurred in the leaves, the weight in the stem was normal at the apex and decreased only to about 50% of the light-grown control value in the older stem; the concentration as usual was maximal in the youngest stem. In the leaves, epigallocatechin was most decreased in weight (Fig. 2c) , by about 92% in the second leaf and 97% in the third leaf, and epicatechin gallate the least, the corresponding values being 20% and 55%. In Fig. 2 these decreases are compared with those in the darkened apex (Fig.  2a) and mature leaf (Fig. 2b) of the less dwarfed shoots described in sections (a) and (b) above; the differential decrease of gallocatechins compared with simple catechins and their gallates becomes increasingly evident.
Growth of 8eedling8 in darkne8a
Dark-grown seedlings were etiolated, with white or pale-yellow stems and leaves; the lower leaves were dwarfed but the upper ones attained a larger, but still subnormal, size; they exhibited normal veining and serration. The seedlings grew in height continuously, without passing through dormant banjhi periods.
Four such seedlings were analysed (Table 5) , and were found to be capable of synthesizing all the main polyphenols apart from flavones or flavonols (which in any case were very low in amount in light-grown seedlings), and the gallate G-36, the synthesis of which was shown above to be very light-dependent. Chlorogenic acids and p-coumarylquinic acids were very low in amount, and not always detectable. The catechin contents are summarized in Tables 5 and 6, which should be  compared with Tables 8 and 9 in Forrest & Bendall (1969a) for corresponding data for light-grown seedlings. Owing to the low leaf weights, the amounts of catechin synthesized were far below normal, although the concentrations were of the with the results obtained with darkened shoots of mature plants. Theogallin, the main depside present, soon became maximal in the shoot apex; gallic acid was present always in very low concentration.
The flavylogen concentrations at the stem apex (Table 7) were significantly higher than those of normal seedlings, which is remarkable since the dark stems were elongating more rapidly than the lightgrown stems, allowing less chance of an apical accumulation. Within the main length of the stems, however, the concentrations were as normal, and gradually declined as the seedling aged. Total flavylogen per plant was not decreased to any great extent, indicating that flavylogen synthesis is predominantly an activity of the stem, and that it is not dependent on light for its continuation. The flavylogen concentrations in the dark-grown leaves were considerably above normal, although the total weight per leaf was more comparable with that of light-grown leaves.
The main flavylogens present in the dark-grown stems were, as usual, LA-13, -41, -42, -49 and -50. There was evidence of a considerable amount of polymerized flavylogen from chromatograms of dark-grown stem extracts, which was confirmed when the flavylogen fractions were separated on a Sephadex G-25 column (Fig. 3) . Variation in the relative amounts of polymeric, oligomeric and monomeric material seemed to occur (see Fig. 4 ), but this may have depended upon the age of the seedling, since the stems analysed in Fig. 4 were three times as high as those taken for Fig. 3 of polymerization in the stems. In contrast, the effect in the leaves was to decrease the sole monomer peak to about one-half of the dark-grown value, and o05 -no polymers appeared; the small peak in the oligomer position was due to catechins, which, being concentrated in leaves, reacted with the acid-A *6 A A butanol reagent to produce a brown colour, which affected slightly the extinction at 550nm. Elution volume (column volumes, Vt) This result suggested the possibility of flavylogen translocation from leaves to stem, which is also *Fractionations on a Sephadex G-25 column of relevant when the distribution of flavylogens within gens from extracts of (a) stems (loads 720mg. fresh light-grown seedlings is considered: generally they id (b) leaves (loads 480mg. fresh wt.) of dark-grown are found at maximal concentrations in the shoot gs (height 30cm.) of clone MT7 (L), and of extracts apex but accumulate near the stem base. Since the lar material after a 3 day light-treatment (A).
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